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EMULSIFIED SOIL BIOCIDES USED IN DRIP IRRIGATION SYSTEMS 

FIELD OF THE INVENTION 

The present invention relates generally to a soil biocide formulation that provides 
enhanced efficacy in controlling or suppressing nematodes such as root knot nematodes, dagger 
5 nematodes, citrus nematodes and pin nematodes, and weeds such as Pigweed, White sweet 
clover, wild mustard, yellow nut grass, yellow sweet clover, barnyard grass and bindweed and 
more particularly to a soil biocide formulation that can be applied through a drip irrigation 
system without causing any corrosive damage to the irrigation systems, and that also reduces 
exposure of farm workers to the harmful effects of soil biocides. 

10 BACKGROUND OF THE INVENTION 

3 The importance of the control of plant pathogens, nematodes and weeds can not be 

H underestimated in the agriculture industry. Therefore, a complete destruction of plant pathogens 
Cn or at least a substantial reduction is an often-encountered challenge in the agriculture industry. 
rlJ Pathogenic organisms afflict root systems of various kinds of crops and severely inhibit their 
15 ; ^ growth, causing severe damage to the plants. In order to circumvent these problems, different 
U mechanisms are often adopted to control the harmful effects of pathogenic organisms on plants 
IT and to enhance the productivity and improve the viability of plants. 

W Traditional methods such as crop rotation or fallowing the fields for as long as four years 

13 and use of pathogen-resistant crops are among the most common methods for control of 
20 pathogenic organisms. Crop rotation though widely used, is not highly advantageous because of 
its limited utility in controlling the plethora of pathogens that afflict crops. Further, crop rotation 
results in diminished overall productivity owing to the low per acre return that is usually 
obtained from non-host crops. Use of pathogen-resistant varieties of crops has a vast potential. 
However, a severe lack of pathogen resistant varieties of many crops causes this mechanism to 
25 be limited in efficacy. 

Soil fumigation is another tool used for the control of plant pathogens. Chief among the 
crops which benefit from soil fumigants are strawberries, grapes, peppers, onions, deciduous 
fruits and nuts, turf, cut flowers, and tree and seedling nurseries. Some of the most effective soil 
fumigants are methyl bromide, chloropicrin, 1,3-dichloropropene, methylisothiocyanate, or their 



i 



SV: 102863 v03 11/08/2000 



17697-0011 




mixtures, which are selected in various ratios and strength, depending on the target soil pests and 
soil variances such as temperature, texture and moisture. Most soil fumigants are composed of 
organic chemicals that are distributed as gases to either inhibit or kill destructive organisms. Soil 
fumigants are chemical compounds in the form of sulphur containing compounds and 

5 halogenated compounds, and organophosphates. 

The soil fumigants owe their effectiveness as soil biocides to their gaseous nature that 
allows them to spread though soil easily and reasonably uniformly. For instance, a soil fumigant 
such as methyl bromide, a colorless gas at room temperature, is commonly compressed into 
liquid form for purposes of application. After application in liquid form, methyl bromide 
10 penetrates the soil rapidly through air spaces between soil particles and then kills or suppresses 
pathogenic organisms. Other soil fumigants such as chloropicrin are also commonly employed 
for the control of bacteria, fungi, and insects because they also display similar soil penetration 

^ capabilities. 

Traditionally, a field is prepared prior to fumigation by tilling and irrigating the soil so as 
IS to ensure proper soil texture and moisture content of the soil. Typically following preparation is 
a process called pre-plant soil fumigation, in which a commercial fumigator enters the field with 
1 5 a tractor with a rear mounted tool bar, to which is attached plumbed shanks that penetrate the soil 
" , and deliver the pre-plant soil fumigant to the desired depth. If desired, the field then may be 
fiJ tarped with a polyethylene film, which is applied by a roller attached to the tractor. Normally, 
2D ; i the field is ready for planting thereafter within two weeks. 
?f However, soil fumigants suffer from several drawbacks. First, though effective in lighter, 

sandier soils, soil fumigants are not as effective in heavier soils. When used in lighter, sandier 
soils that have finer soil particles and more air spaces between them, the soil fumigant is able to 
thoroughly disperse and reach the target organism. With heavy or cloddy soils, fumigants 
25 injected into the soil cannot reach target organisms because air spaces between soil particles are 
blocked with water and tightly compacted. The large air spaces between clods in heavier soils 
serve as avenues for rapid dissipation of fumigants, thereby reducing periods of exposure of the 
soil fumigants to the soil and thus diminishing the efficaciousness on soil pathogens. 

Another difficulty is that if the aforementioned soil fumigants are mixed in water, the 
30 mixture will often corrode the pipe or tubing carrying the fumigants to the soil, thus resulting in 
damage to the pipes. 
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Finally, traditional methods of soil fumigation may expose workers to soil fumigants. 
One of the concerns associated with the process of soil fumigation is worker exposure to soil 
biocides that may occur through contact or inhalation. For workers engaged in working with soil 
biocides such as methyl bromide/chloropicrin/l ? 3-dichloropropene/methyl isothiocyanate, and 
5 their mixtures, inhalation is the typical route of exposure. 

One of the objects of the present invention is to address the aforementioned drawbacks 
associated with the prior art methods of soil fumigation. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide emulsified soil fumigants for use in drip 
10 irrigation systems that work just as effectively in both heavier soils and lighter, sandier soils so 
13 as to provide enhanced efficacy of soil biocides in controlling soil pathogens. 
11 Another object of the invention is to provide a soil biocide formulation for use in drip 

W irrigation systems that minimizes corrosion of pipes or tubing carrying the soil biocide 
I n formulation to the soil . 

IX Yet another object of the present invention is to provide a soil biocide formulation that 

* can be applied in such a way that minimizes workers' exposure to the soil fumigant 
fi i In accordance with the present invention, a soil biocide formulation is provided for 

h aqueous delivery with the formulation being comprised of about 50 to 99% by weight of a soil 
O biocide selected from the group consisting of methyl bromide, chloropicrin, 1-3 dichloropropene 
2$ and methylisothiocyanate; and about 50 to 1 % by weight of an emulsifier comprised of non-ionic 
and anionic surfactants. 

One advantage of the present invention is to provide emulsified soil fumigants for use in 
drip irrigation systems that work just as effectively in heavier soils and lighter, sandier soils so as 
to provide enhanced efficacy of soil fumigants in controlling soil pest organisms. 
25 Another advantage of the invention is to provide a soil biocide formulation for use in drip 

irrigation systems that minimizes corrosion of the pipes or tubing carrying the soil biocide 
formulation to the soil, thus resulting in minimal damage to the pipes. 
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Yet another advantage of the present invention is that a soil biocide formulation in 
accordance with the present invention causes minimal exposure to workers involved in soil 
fumigation. 

IN THE DRAWINGS 

5 The aforementioned and other advantages and features of the present invention will 

become better understood upon reviewing the following detailed description of the invention 
taken in conjunction with the following drawings, where like numerals represent like elements, 
in which: 

FIG. 1 is a graphical illustration of a comparison of soil gas concentrations of methyl 
1 0 bromide under polyethylene from a drip application versus a standard injection application; 

FIG. 2a is a graphical illustration of the volatilization rate of the biocide methyl bromide 
■3 when used with surfactant and water and as observed in Run 1 ; 

/i FIG. 2b is a graphical illustration of the volatilization rate of the biocide methyl bromide 

|f! when used with water and as observed in Run 2; 

1^1 FIG. 2c is a graphical illustration of the volatilization rate of the biocide methyl bromide 

^ when used with and without the surfactant and as observed in Runs 3 and 4; 
I* FIG. 3 is a graphical illustration of the properties displayed by the soil biocide 

! U chloropicrin when used in combination with PVC pipes such as black seamless latex, FEP 
I J Teflon, Nalgene 86- Tissue Culture Grade, Manosilt, Tygon, and Nalgene 1 80 premium PVC; 
2§5 FIG. 4 is a table illustrating the effect of surfactant percentage in soil biocide formulation 

on the mortality of nematodes; 

FIG. 5 is an illustration of the efficacy of Chloropicrin, when used with the surfactant of 
the presently claimed invention in an aqueous medium on killing Pigweed, Amaranthus 
retroflexus, F IG. 5a shows the mortality rate of Pigweed, Amaranthus retroflexus, when treated 
25 with Chloropicrin; 

FIG. 5b is a bar graph illustrating the relationship between mortality rate of Pigweed and 
concentrations of Chloropicrin and emulsifier in the formulation; 

FIG. 6 is an illustration of the efficacy of Chloropicrin, when used with the surfactant of 
the presently claimed invention in an aqueous medium on killing White seed clover. FIG. 6a 
30 shows the mortality rate of White seed clover when treated with Chloropicrin; 
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FIG. 6b is a bar graph illustrating the relationship between mortality rate of White seed 
clover and concentrations of Chloropicrin and emulsifier in the formulation; 

FIG. 7 is an illustration of the efficacy of Chloropicrin, when used with the surfactant of 
the presently claimed invention in an aqueous medium on killing Wild Mustard. FIG. 7a shows 
the mortality rate of Wild Mustard when treated with Chloropicrin; 

FIG. 7b is a bar graph illustrating the relationship between mortality rate of Wild Mustard 
and concentrations of Chloropicrin and emulsifier in the formulation; 

FIG. 8 is an illustration of the efficacy of Chloropicrin, when used with the surfactant of 
the presently claimed invention in an aqueous medium on killing Yellow Nut Grass. FIG. 8a 
shows the mortality rate of Yellow Nut Grass when treated with Chloropicrin; 

FIG. 8b is a bar graph illustrating the relationship between mortality rate of Yellow Nut 
Grass and concentrations of Chloropicrin and emulsifier in the formulation; 

FIG. 9 is an illustration of the efficacy of Chloropicrin, when used with the surfactant of 
the presently claimed invention in an aqueous medium on killing Yellow Sweet clover. FIG. 9a 
shows the mortality rate of Yellow sweet clover when treated with Chloropicrin; 

FIG. 9b is a bar graph illustrating the relationship between mortality rate of Yellow 
Sweet clover and concentrations of Chloropicrin and emulsifier in the formulation; 

FIG. 10 is an illustration of the efficacy of Chloropicrin, when used with the surfactant of 
the presently claimed invention in an aqueous medium on killing Barnyard grass. FIG. 10a 
shows the mortality rate of Barnyard grass when treated with Chloropicrin; 

FIG. 10b is a bar graph illustrating the relationship between mortality rate of Barnyard 
grass and concentrations of Chloropicrin and emulsifier in the formulation; 

FIG. 1 1 is an illustration of the efficacy of Chloropicrin, when used with the surfactant of 
the presently claimed invention in an aqueous medium on killing Bindweed. FIG. 1 la shows the 
mortality rate of Bindweed when treated with Chloropicrin; and 

FIG. 1 lb is a bar graph illustrating the relationship between mortality rate of Bindweed 
and concentrations of Chloropicrin and emulsifier in the formulation. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIG.l is a graphical illustration of a comparison of the volatilization rate of methyl 
bromide under polyethylene from a drip application versus standard injection application. FIG. 1 
illustrates that methyl bromide can be effectively applied in a drip irrigation system with water as 
a carrier, with concentrations equivalent to those from a standard injection system. As will be 
shown in FIG. 2, methyl bromide displays reduced partial pressure when present in a water 
matrix. Thus, application of methyl bromide and the other listed biocides through drip systems 
provides a means of applying the biocide in such a manner that may reduce emissions because of 
the reduced methyl bromide partial pressure when in a water matrix. 

In accordance with the present invention, the biocide methyl bromide has an application 
rate of 150-400 lbs per acre. The soil biocide chloropicrin has an application rate of 100-300 lbs 
per acre. In accordance with the present invention, the soil biocide 1,3 dichloropropene (Telone) 
has an application rate of 13-56 gal per acre. The soil biocide methylisothiocyanate has an 
application rate of 7-100 lbs per acre. 

FIG. 2 is a graphical illustration of the volatilization rate of the biocide methyl bromide. 
In accordance with one embodiment of the present invention, tests were conducted to 
determine if methyl bromide volatilizes at a different rate when it is in water solution as 
compared to a standard (theoretical) evacuation rate. In the present invention, samples of methyl 
bromide were obtained at the filling plant using 150 cc fumigant sample cylinders and the 
obtained samples were put in the laboratory freezer. After the samples were chilled, further 
samples were removed from the sample cylinders using chilled syringes and the samples were 
then injected into chilled flasks, already half filled with cold water. The injections were made 
under the surface of the water, while the sample cylinders were still in the freezer. Thereafter, 
flasks were immediately placed under the evacuation hood for collecting the samples obtained. 
Four runs were conducted using each of the following mixtures: 

Run 1 - MeBr/(5%) ATLOX surfactant/water Flask 1 1 

Run 2 - MeBr/water Flask 1 0 

Run 3 - MeBr/water Flask 1 0 

Run 4 - MeBr/(5%) ATLOX surfactant/water Flask 1 1 
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Air sampling pumps were used to maintain constant airflow through the flasks (-20 
ml/min. for Runs 1 & 2, and 80 ml/min. for Runs 3 & 4). The headspace was sampled 
periodically with syringes as follows: 

1. Run 1-56 Samples, 85 hours: 33 min. 

5 2. Run 2-51 Samples, 19 hours: 7 min. 

3. Run 3-16 Samples, 22 hours: 51 min. 

4. Run 4-16 Samples, 22 hours: 51 min. 

Runs 1 and 2 were carried out consecutively; Runs 3 and 4 were carried out 
simultaneously. All the pumps used for testing purposes had an identical flow rate. 
1 0 The results of this test are depicted in the graphs in FIG. 2. 

The curve of FIG. 2a illustrates the results of Run 1. The graph illustrates that degree of 
off-gassing of methyl bromide with surfactant and water is slower as compared to the standard 
^ rate of evacuation of methyl bromide. It also indicates that water plus 5% ATLOX surfactant 
S 5 increases the methyl bromide holding capacity of water even more. This further decreases the 
1 IS volatilization rate of methyl bromide. 

6 FIG. 2b illustrates the results of Run 2. The figure illustrates that degree of off-gassing of 
!i methyl bromide with water is slower as compared to the theoretical or standard rate of 
: evacuation of methyl bromide. The graph shows that mixing methyl bromide with water slows 
ry down its volatilization into the air above it. According to the present invention, the degree of off 

2|J gassing of methyl bromide in a methyl bromide and water mixture is lower as compared to the 
\i degree of off-gassing of methyl bromide in a methyl bromide formulation without water. This 
shows that methyl bromide does not immediately off-gas from water solutions because mixing 
methyl bromide with water slows down its volatilization into the air above it. This is a distinct 
advantage in soil fumigation applications because it ensures that methyl bromide remains in the 

25 soil for a longer time and is more efficacious in killing the target pest organisms. In comparison 
to the theoretical evacuation curve illustrating the volatilization rate, the slope of the curves from 
the data indicates that mixing methyl bromide with water slows down its volatilization into the 
air above it. Thus, application of methyl bromide and the other listed biocides through drip 
systems provides another means of applying the material that may reduce emissions possibly 

30 because of the reduced methyl bromide partial pressure when in a water matrix. 
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FIG. 2c is a graphical illustration of the results of Runs 3 and 4 showing the volatilization 
rate of the soil biocide methyl bromide when used with the surfactant versus methyl bromide 
used without the surfactant. 

In accordance with the present invention, the soil biocide methyl bromide is mixed with 
5 an emulsifier/emulsifying agent to make the soil biocide soluble in an aqueous media. The 
mixing of emulsifying agent with soil biocides such as methyl bromide, chloropicrin, 1,3- 
dichloropropene, methyl isothiocyanate, which are immiscible compounds, makes their mixtures 
miscible in water. The emulsifying agent has a water-attracting, hydrophilic component and a 
component with an affinity for the hydrophobic biocide, thus permitting the biocide to be mixed 
10 uniformly in irrigation water. The concentration of emulsifying agent in the soil biocide 
formulation is such that it surrounds molecules of the biocide creating an "oil in water 
emulsion." When biocides such as methyl bromide, chloropicrin, 1 ,3-dichloropropene, methyl 
Q isothiocyanate, or their mixtures are emulsified, these chemical compounds cease to act as 
1 fumigants. Rather, the molecules of the emulsified biocide formulation move with the water 
lip through soil pores to the target pest organisms, instead of moving through air in soil. Moving 
fii with the water helps to more uniformly disperse and apply the biocide formulation through soil. 
^ The emulsified biocides tend to remain in soil for longer periods and to maintain closer contact 
M with target pest, thus providing a higher degree of control or suppression of soil pests than 
u typically associated with the biocide when applied through conventional soil fumigation 
2fr methods. 

O Emulsifiers can be easily mixed with the soil biocide as a pre-mix, in a tank in the field 

immediately prior to application, or simultaneously applied with the soil biocide at the point of 
injection. The devices that are used for mixing include: static mixers, centrifugal pumps, 
numerous 90 degree bends in injection lines, etc. The emulsification of soil biocides in water 

25 and subsequent application through a drip or trickle irrigation system provides for a higher 
degree and a broader spectrum of control or suppression of soil pests by using a lower 
concentration of soil biocides over a longer period of time as compared to traditional methods 
using fumigating apparatus drawn by a towing vehicle. 

In accordance with a first embodiment of the present invention, the soil biocide 

30 formulation has soil biocide in the range of 50 to 99% and emulsifier in the range of 50 to 1%. 
This formulation can be applied for a duration long enough to deliver an effective amount of 
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biocide to the soil. Typically, the formulation can be applied at prescribed rates of up to 12 
hours and more usually between 6 and 10 hours at an injection point along the drip irrigation 
system main, sub-main, or lateral water line. 

In accordance with the present invention, a soil biocide formulation for aqueous delivery 
5 comprises about 50 to 99% by weight of the formulation of a biocide selected from the group 
consisting of methyl bromide, chloropicrin, 1-3 dichloropropene and methylisothiocyanate; and 
about 50 to 1% emulsifier. The emulsifier in accordance with the present invention comprises of 
one or more surfactants selected from the group consisting of non-ionic and anionic surfactants. 
In a preferred embodiment, the biocide formulation for aqueous delivery comprises a 
10 more preferred range of about 80 to 95% by weight of a biocide selected from the group 
consisting of methyl bromide, chloropicrin, 1-3 dichloropropene and methylisothiocyanate and a 
about 20 to 5% by weight of an emulsifier. In a further embodiment, the emulsifier component 
H of the biocide formulation comprises anionic surfactant, in a range of 50 to 40% of the total 
' J weight of the surfactant, and a non-ionic surfactant in a range of 50 to 60% of the total weight of 
lfri the surfactant. The soil biocide formulation may further comprise one or more solvents selected 
I* from the group consisting of ethoxylated castor oil and isopropyl alcohol. 
□ FIG. 3 is an illustration of the properties displayed by the soil biocide chloropicrin when 

L, used in combination with PVC pipes such as black seamless latex, FEP Teflon, Nalgene 86- 
[ ^ Tissue Culture Grade, Manosilt, Tygon, and Nalgene 1 80 premium PVC. 
29lI High concentrations of soil biocides such as chloropicrin, 1,3-dichloropropene, and 

it methylisothiocyanate, in particular, react with PVC irrigation pipes in which they flow, causing 
the main, sub-main, and lateral lines to weaken and rupture through a melting reaction. 
However, in accordance with the present invention, the use of an emulsifying agent permits the 
application of soil fumigants to crop soils while simultaneously minimizing the potential for 
25 damage to commonly used PVC drip or trickle irrigation systems. The table in FIG. 4 illustrates 
that none of the commonly used plastic pipes and tubings display any apparent reaction 
immediately after exposing the pipes and tubing to the soil biocide formulation comprising 
chloropicrin with a surfactant in an aqueous medium. The emulsifying agent preferably 
comprised of anionic and non-ionic surfactants has a tendency to surround the biocide particles. 
30 The emulsifier-coated biocide particles are then carried with water without adhering to or 
reacting with the inner walls of the irrigation system. Use of the emulsifier provides for 
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enhanced dispersion of the biocide formulation in water and thus minimizing potentially high 
concentrations of soil biocides that are damaging to PVC. 

In accordance with the present invention, after 15 hours of exposure, only some tubes like 
Tygon and Nalgene display some reaction and other pipes do not display any reaction 
5 whatsoever. This indicates that the soil biocide formulation prepared in accordance with the 
present invention does not have a propensity to damage the pipes used for carrying the soil 
biocide formulations in irrigation systems. 

In accordance with the present invention, the application of soil fumigants in drip or 
trickle irrigation systems made possible by the use of the emulsifier reduces exposure of farm 
10 workers to fumes emanating from treated ground when compared to traditional methods using 
fumigating apparatus drawn by a towing vehicle. The drip application system is a closed system, 
which actually requires less handling of fumigants than the standard injection system. Also, the 
use of this system ensures that there is no need for workers to enter a field under treatment. 
N Therefore, the only potential worker exposure is to the person monitoring the drip irrigation 
im system. Further, the application of fumigants through drip systems provides another means of 
1. 1 applying the material that may reduce emissions because of the reduced methyl bromide partial 
*3 pressure when in a water matrix. As measured by field monitoring, exposure levels for drip- 
u applied soil fumigants is significantly less as compared to tractor-drawn application equipment. 
f U The non-corrosive nature of the emulsified fumigants ensures that the PVC pipes carrying the 
20i soil biocide formulation do not corrode, leak, and subsequently expose workers to the soil 
f% biocide directly. 

FIG. 4 is a table illustrating the effect of surfactant percentage in soil biocide formulation 
on the mortality of nematodes. 

In the case of the present invention, tests were conducted by using PVC soil columns 

25 fabricated with uniform dimensions. Soil was mixed thoroughly so that the nematodes would be 
uniformly distributed among all of the soil tubes. Equal weights of soil in the soil columns to be 
treated were placed so that the headspace volume in each of the tubes was uniform. The 
headspace was approximately the top 3.5" depth of the column. Drip application tubes were 
placed into the soil 2 inches from the soil surface and the top of the tubes were covered with 

30 fumigation film. The soil settled after application resulting in an increase in the depth of 
headspace by approximately 3 inches. Tubes were covered on the top with a piece of 
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polyethylene film to retain chloropicrin vapors in the headspace of the tube. Gas samples were 
collected from the headspace of each soil column at selected sampling intervals and then 
analyzed. Since chloropicrin concentrations in the headspace for many of the treatments were 
below the detection limit at 'peak emission' , sampling was terminated after initial intervals. 

As shown in FIG. 4, Chloropicrin appeared to have a significant effect on the mortality of 
Citrus and Dagger (Xiphinema) nematode. There was no significant difference between the 
treatments for the Root Knot (Meloidogyne) and Pin nematodes. Pin nematode counts were zero 
or low in all treatments, however, including the control 

Table 1 illustrates the efficacy of Chloropicrin when used with Root Knot Nematode. 
Anova: Single Factor at 462 ppm chloropicrin 



SUMMARY 



Groups 


Count 


Sum 


Average 


Variance 


Control 


5 


231 


46.2 


3881.7 


0% Emulsifier 


5 


540 


108 


17302.5 


5% Emulsifier 


5 


612 


122.4 


15675.3 


50% Emulsifier 


5 


657 


131.4 


7224.3 



ANOVA . 

Source of Variation SS df ms F P=value Fcrit 

Between Groups 22150.8 3 7383.6 0.6699604 0.582765 3.238867 
Within Groups 176335.2 16 11020.95 

Total 198486 19 
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Table 2 is an illustration of efficacy of Chloropicrin on Dagger (Xiphinema) nematode at 462 
ppm chloropicrin. 

Groups Count Sum Average Variance 

Control 5 27 5.4 28.8 
5 0%Emulsifier 5 0 0 0 
5% Emulsifier 5 0 0 0 
50% Emulsifier 5 0 Q Q 

ANOVA . 

10 Source of Variation SS df ms F P=value FcrU 

BetweenGroups 109.35 3 36.45 5.0625 0.0118033 3.238867 

Within Groups 115.2 16 7.2 

H Total 224.55 19 

W Table 3 is an illustration of the efficacy of Chloropicrin when used on Citrus nematode at 462 
q ppm chloropicrin. 





Groups 


Count 


Sum 


Average 


Variance 




Control 


5 


3555 


111 


261594 


20j 


0% Emulsifier 5 


5 


1155 


231 


6246 




5% Emulsifier 


5 


1332 


266 


31722 




50% Emulsifier 


5 


1071 


214 


10326 




ANOVA 










25 


Source of Variation SS 


df 


ms F 


P=value 


Between Groups 


848924.55 


3 


282974.85 3.652608 


3.238867 




Within Groups 


1239552 


16 


77472 






Total 


2088476.6 


19 







F crit 



30 
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Table 4 is an illustration of the efficacy of chloropicrin on Citrus Nematode minus low outlier at 
462 ppm chloropicrin. 



Groups 


Count 


Sum 


Average 


Variance 


Control 


4 


3534 


884 


150417 


0% Emulsifier 


4 


1035 


259 


3194.25 


5% Emulsifier 


4 


1242 


311 


29331 


50% Emulsifier 


4 


1020 


255 


2670 



ANOVA . - 

Source of Variation SS df ms F P=value Fcrit 

Between Groups 1119426.2 3 373142.06 8.0413241 3.4902996 
Within Groups 556836.75 12 46403.063 

Total 1676262.9 15 

Table 5 is an illustration of the efficacy of Chloropicrin on Citrus Nematode minus low 
outlier at 462 ppm chlorpicrin. 



Grouvs 


Count 


Sum 


Average 


Variance 


Control 


4 


3534 


883.5 


150417 


0% Emulsifier 


4 


1035 


258.75 


3194.25 


5% Emulsifier 


4 


1242 


310.5 


29331 


50% Emulsifier 


4 


1020 


255 


2670 



ANOVA . . 

Source of Variation SS df ms F P=value Fcrit 

Between Groups 1119426.2 3 373142.06 8.0413241 0.0033314 5.952591 
Within Groups 556836.75 12 46403.063 

Total 1676262.9 15 
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Table 6 is an illustration of the efficacy of Chloropicrin on Pin Nematode at 462 ppm 
chloropicrin. 



Groups 


Count 


Sum 


Average 


Variance 


Control 


5 


111 


22.2 


1330.2 


0% Emulsifier 


5 


54 


10.8 


331.2 


5% Emulsifier 


5 


0 


0 


0 


50% Emulsifier 


5 


0 


0 


0 



10 ANOVA 



Source of Variation SS df ms F P=value Fcrit — 

Between Groups 1686.15 3 562.05 1.353196 3.238867 

% Within Groups 6645.6 16 415.35 

ll Total 8331.75 19 

s 3 FIG. 5 is an illustration of the efficacy of Chloropicrin, when used according to the 

J A method of the presently claimed invention in an aqueous medium on killing Pigweed, 
j y Amaranthus retroflexus . 

201 The tests to determine the efficacy of Chloropicrin, when used with the surfactant of the 

: i presently claimed invention in an aqueous medium on killing Pigweed, Amaranthus retroflexus, 
were performed in Petrie dishes. Aliquots of mixtures of the respective treatments were applied 
to the Petrie dishes of seeds and the seeds were left exposed for 24 hours. After the 24 hour 
exposure period, the seeds were rinsed with 5 ml water spray mist. The seeds were then 

25 moistened as needed for the duration of the experiment. Germination counts were made at 
approximately 8 and 12 days. Seeds were monitored for a longer time, but results remained the 
same after 12 days. 

As shown in FIG. 5a, close to 100% mortality was observed at the end of 12 days for the 
Pigweed, Amaranthus retroflexus. When this statistic was adjusted for control, roughly 65% 
30 mortality was observed. 
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FIG. 5b is a bar graph illustrating the relationship between mortality rate of Pigweed and 
concentrations of Chloropicrin and emulsifier in the formulation. The greatest mortality level 
was observed when the weed seeds were treated with the highest concentration of the 
Chloropicrin biocide formulation of 1000 ppm, containing a 50% emulsifier, however, all rates 
5 were statistically equivalent. 

FIG. 6 is an illustration of the efficacy of Chloropicrin, when used according to the 
method of the presently claimed invention in an aqueous medium on killing White sweet clover. 
Tests were performed as described earlier in the case of Pigweeds. 

As shown in FIG. 6a, close to 95% mortality was observed at the end of 12 days for 
10 White sweet clover treated with the Chloropicrin formulation in accordance with the present 
invention. 

FIG. 6b is a bar graph illustrating the relationship between mortality rate of White sweet 
C ~ clover and concentrations of Chloropicrin and emulsifier in the formulation. The greatest 
H mortality level was observed when the weed seeds were treated with the Chloropicrin biocide 
lfi formulation at a 500 ppm application rate and 5% of the formulation being the emulsifier, 
^ however, all rates were statistically equivalent. 

^ FIG. 7 is an illustration of the efficacy of Chloropicrin, when used according to the 

' ... method of the presently claimed invention in an aqueous medium on killing Wild Mustard. Tests 
FU were performed as described earlier in the case of Pigweeds. 
2§"i As shown in FIG. 7a, close to 75% mortality was observed at the end of 12 days for the 

5J Wild Mustard. 

FIG. 7b is a bar graph illustrating the relationship between mortality rate of Wild Mustard 
and concentrations of Chloropicrin and emulsifier in the formulation. The greatest mortality level 
was observed when the weed seeds were treated with the Chloropicrin biocide formulation at a 
25 500 ppm application rate, with 5% of the formulation being an emulsifier, however, all rates 
were statistically equivalent. 

FIG. 8 is an illustration of the efficacy of Chloropicrin, when used with the surfactant of 
the presently claimed invention in an aqueous medium on killing Yellow Nut grass. Tests were 
performed as described earlier in the case of Pigweeds. 
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As shown in FIG. 8a, close to 100% mortality was observed at the end of 12 days for the 
Yellow nut grass treated with the Chloropicrin formulation in accordance with the present 
invention. 

FIG. 8b is a bar graph illustrating the relationship between mortality rate of Yellow nut 
grass and concentrations of Chloropicrin and emulsifier in the formulation. The greatest 
mortality level was observed when the weed seeds were treated with the Chloropicrin biocide 
formulation at a 500 ppm application rate with 5% of the formulation being emulsifier, however, 
all rates were statistically equivalent. 

FIG. 9 is an illustration of the efficacy of Chloropicrin, when used with the surfactant of 
the presently claimed invention in an aqueous medium on killing Yellow sweet clover. Tests 
were performed as described earlier in the case of Pigweeds. 

As shown in FIG. 9a, close to 95% mortality was observed at the end of 12 days for the 
White sweet clover treated with the Chloropicrin formulation in accordance with the present 
invention. 

FIG. 9b is a bar graph illustrating the relationship between mortality rate of Yellow nut 
grass and concentrations of Chloropicrin and emulsifier in the formulation. The greatest 
mortality level was observed when the weed seeds were treated with the Chloropicrin biocide 
formulation at a 1000 ppm application rate with 50% of the formulation being emulsifier, 
however, all rates were statistically equivalent. 

FIG. 10 is an illustration of the efficacy of Chloropicrin, when used with the surfactant of 
the presently claimed invention in an aqueous medium on killing Barnyard Grass. Tests were 
performed as described earlier in the case of Pigweeds. 

As shown in FIG. 10a, close to 68% mortality was observed at the end of 12 days for the 
Barnyard grass treated with the Chloropicrin formulation in accordance with the present 
invention. 

FIG. 10b is a bar graph illustrating the relationship between mortality rate of Yellow nut 
grass and concentrations of Chloropicrin and emulsifier in the formulation. The greatest 
mortality level was observed when the weed seeds were treated with the Chloropicrin biocide 
formulation at a 1000 ppm application rate with 50% of the formulation being emulsifier, 
however, all rates were statistically equivalent. 
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FIG. 1 1 is an illustration of the efficacy of Chloropicrin, when used with the surfactant of 
the presently claimed invention in an aqueous medium on killing Bindweed. Tests were 
performed as described earlier in the case of Pigweeds. 

As shown in FIG. 11a, close to 90% mortality was observed at the end of 12 days for the 
5 Bindweed treated with the Chloropicrin formulation in accordance with the present invention. 

FIG. 1 lb is a bar graph illustrating the relationship between mortality rate of Yellow nut 
grass and concentrations of Chloropicrin and emulsifier in the formulation. The greatest 
mortality level was observed when the weed seeds were treated with the Chloropicrin biocide 
formulation at a 1000 ppm application rate with 50% of the formulation being emulsifier, 
1 0 however, all rates were statistically equivalent. 

Whereas the present invention may be embodied in many forms, details of a 
preferred embodiment are shown in Figures 1 through 1 lb, with the understanding that the 
~? present disclosure is not intended to limit the invention to the embodiment illustrated. While the 
H invention has been particularly shown and described with reference to certain embodiments, it 
1 K will be understood by those skilled in the art that various alterations and modifications in form 
^ and detail may be made therein. Accordingly, it is intended that the following claims cover all 
Li such alterations and modifications as fall within the true spirit and scope of the invention. 
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